rate has increased by more than 400% since 1980, and the incarceration rate associated with felony drug offenses has increased by 1100%. 3, 4 Black Americans have borne the brunt of these criminal justice policy changes. One in 21 Black men and 1 in 279 Black women are currently incarcerated, and almost one third of Black men will be incarcerated at least once in their lifetime. 4 Mass incarceration is thus potentially an important driver of the distribution of disease and ill-being in Black Americans.
Tobacco is an integral part of prison culture, serving as a stress reliever, currency, and means of social interaction. Furthermore, the sensory and social deprivation of the prison environment may encourage tobacco use. Until the 1980s, cigarettes were freely distributed to incarcerated individuals as part of their rations and were (and still remain) the currency of choice for underground prison economies. 5---7 However, tobacco policy in US prisons has changed radically in the past 25 years, culminating in the Federal Bureau of Prisons' indoor smoking ban in federal prisons in 2004. 8, 9 Meanwhile, state and local prison and jail systems also modified their policies. By 2007, 87% of state prisons reported having either a total or indoor smoking ban in place, with none offering free tobacco. 5 As a population, people who have been incarcerated have a greater likelihood of having problems with substance abuse, psychiatric illness, and stressful or traumatic life events, potentially increasing susceptibility to nicotine addiction, with smoking prevalence in prison estimated at 40% to 80%. 10---13 A systematic review of smoke-free policies in US prisons and jails that included 27 studies cited noncompliance with smoke-free policies ranging from 20% to 76% and demonstrated inconsistent implementation and control of contraband as well as the rise of tobacco black markets. 14 In essence, if the available data are representative, the influence of underlying smoking norms seems to outweigh institutional policy changes, although the institutional setting may limit access and therefore consumption. In a systematic review, only 6 studies examining smoking postrelease from smoke-free prisons and jails were identified, and it indicated that individuals released went back to their previous smoking behavior almost immediately. 14 With fewer constraints on consumption, individuals released from prison and jail may increase their cigarette consumption to achieve previous nicotine levels, especially those undergoing drug treatment or suffering from mental illness (and perhaps taking antipsychotics). 15 Even less is known about differences in incarceration-related tobacco smoking by race/ ethnicity. Research shows that Blacks are less likely to participate and are not sampled in sufficient numbers to allow subgroup analyses. 16, 17 Controlling for socioeconomic status,
Blacks have lower risk trajectories of cigarette smoking from childhood into adulthood than do Whites; they are also less likely to be heavy or regular smokers and more likely to be nonsmokers, initiating smoking later and reaching lower daily cigarette consumption. 18---21 Although this lower tobacco consumption is one of the few health behavior advantages for Blacks compared with Whites, Blacks are more vulnerable to the health consequences Objectives. We examined the relationship between having a history of incarceration and being a current smoker using a national sample of noninstitutionalized Black adults living in the United States.
Methods. With data from the National Survey of American Life collected between February 2001 and March 2003, we calculated individual propensity scores for having a history of incarceration. To examine the relationship between prior incarceration and current smoking status, we ran gender-specific propensitymatched fitted logistic regression models.
Results. A history of incarceration was consistently and independently associated with a higher risk of current tobacco smoking in men and women. Formerly incarcerated Black men had 1.77 times the risk of being a current tobacco smoker than did their counterparts without a history of incarceration (95% confidence interval [CI] = 1.20, 2.61) in the propensity score-matched sample. The results were similar among Black women (prevalence ratio = 1.61; 95% CI = 1.00, 2.57).
Conclusions. of smoking (e.g., lung cancer). 22 However, the role of incarceration in tobacco smoking prevalence among Blacks in the United States has not been examined. We therefore sought to evaluate the relationship between adult history of incarceration and tobacco smoking using a national sample of noninstitutionalized Black adults living in the United States, while taking account of differential propensity for having a history of incarceration.
METHODS
We used data from the National Survey of American Life (NSAL), a multistage, crosssectional study that is part of the Collaborative Psychiatric Epidemiology Surveys. 25 The response rate for the national sample was 71.5%, whereas the response rate for the Caribbean supplement was 76.4%. More details about the design and characteristics associated with the NSAL are given elsewhere.
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Measures
The primary exposure of interest for this study was an individual's history of incarceration. Participants who responded "yes" to ever being arrested were asked about their detentions, including whether they had spent time in a reform school, detention center, jail, or prison; how many times they served time in jail or prison; how much time they spent incarcerated altogether; and the year and month they first went to jail or prison for a month or more. We operationalized incarceration in 2 ways: any history of incarceration and duration of incarceration.
The primary outcome of interest was tobacco smoking. We categorized respondents as current smokers if they reported "yes" to both of the following questions: (1) "Have you ever smoked more than 100 cigarettes in your lifetime?" and (2) "Do you currently smoke?" We classified all other respondents as nonsmokers.
Incarceration is not random; several factors contribute to an individual's propensity to have a history of incarceration. Several factors also contribute to an individual's likelihood of being a smoker, for example, having a prior history of illegal drug use. Propensity scores represent each individual's probability of having a history of incarceration and are calculated from a set of observed covariates. This allows people with and without a history of incarceration to be matched on the basis of a similar propensity score (i.e., comparisons are made between "exchangeable" individuals).
We calculated propensity scores on the basis of a logistic regression model that included predictors of incarceration documented in the literature: age 27---29 ( To account for the complex survey design in the propensity score models, we included the variables for survey weight, stratum, and cluster as covariates, as indicated in the methodological literature. 40 We calculated propensity scores using the predicted output results from the gender-specific logistic regression models, because several predictors have different relationships with subsequent incarceration for women than for men. 41 We used a GREEDY macro using the nearest neighbor matching within a 0.01 caliper distance in propensity score to 1-to-1 match individuals with prior incarceration to individuals without prior incarceration by gender. 42 In greedy matching, someone with prior incarceration is chosen at random and matched to an individual who does not have a prior history of incarceration with the closest propensity score. This process continues until all individuals with a history of incarceration who can be matched are matched. Unmatched individuals are discarded and not used in the analysis. We included a variable in the full data set to indicate the observations that had been matched. We included additional covariates potentially occurring after incarceration in the regression models: respondents' education, income, and marital status. We categorized respondents' education in the same manner as parental education. We also categorized respondents' income into 4 levels: less than $25 000, $25 000 to 44 999, $45 000 to 69 999, and $70 000 or greater. Because of the small sample size, we collapsed the divorced, separated, and widowed marital categories to form 1 combined category that we used along with married and never married. To account for residual confounding by key demographic characteristics, we included continuous age and ethnicity in the models.
Statistical Analyses
To assess the distributions of the variables, we conducted univariate analyses for all variables used in the modeling process. We conducted bivariate analyses between each of the independent variables and current tobacco smoking to assess the strength and functional forms of those relationships. Because current tobacco smoking is a common outcome in the NSAL sample (25.69%), odds ratios (ORs) will exaggerate the relative risk. Therefore, in these analyses to examine the relationship between prior incarceration and current smoking status, we conducted gender-specific fitted logistic regression models using predicted marginal prevalence ratios (PRs) as estimates of model-adjusted relative risk. 43, 44 Model 1 was a propensity-matched model that included a dichotomous variable for history of incarceration, an indicator variable for Black ethnicity, and a 4-category age variable. Model 2 contained all the features of model 1 but also included key sociodemographic variables: education, income, and marital status. Model 3 contained an interaction term between incarceration and age in addition to the variables included in model 2. To evaluate the role of duration of incarceration on current tobacco smoking status, we conducted subgroup analyses among the respondents with a history of incarceration that focused on duration of incarceration and the year at first incarceration.
We performed analyses using the SURVEY procedures in SAS version 9.3 (SAS Institute, Inc., Cary, NC) and the SUBPOPN option in SAS-callable SUDAAN, release 11.0 (Research Triangle Institute, Research Triangle Park, NC) to account for the NSAL complex survey design.
RESULTS
Of the 5191 Black respondents, almost 14% had a history of incarceration (Table 1) . Those with a history of incarceration were more likely to be Black, male, unmarried, aged between 25 and 44 years, and a current smoker and to have a low level of socioeconomic status (as measured by income and education) and a family history of drug abuse or personal history of mental illness (P < .05). Table 2 shows the propensity-matched fitted logistic regression model results for male and female respondents. For men, in the unadjusted model, a history of any incarceration was associated with a twofold increased risk of being a current smoker (PR = 2.20; 95% confidence interval [CI] = 1.48, 3.28; not shown in table). Controlling for age, ethnicity, education, income, and marital status attenuated the effect estimate, but it remained statistically significant in models 1 through 3. Furthermore, the model 3 results provide no evidence of effect modification by age.
For women, in the unadjusted model, those with a history of any incarceration were almost 2 times more likely to be a current smoker than were those without a history of incarceration (PR = 1.98; 95% CI = 1.25, 3.13; not shown in table). As with male respondents, controlling for age, ethnicity, education, income, and marital status attenuated the predicted marginal PR associated with incarceration history; however, it remained statistically significant in models 1 and 2 but not in model 3, in which there was an interaction term between incarceration and age (P = .091). In short, among both men and women, the effect estimates from model 2 indicate that a history of incarceration was significantly associated with current smoking, and the results from model 3 provide no evidence of effect modification by age. In subgroup analyses among those with a history of incarceration, only 1 PR was statistically significant (model 1: men), but the point estimates suggest possible trends in risk of current tobacco smoking by duration of incarceration for both men and women (Table 3) . Likewise, there may be a temporal trend by year of first incarceration among men (i.e., elevated risks of smoking among men incarcerated before 1980), although none of the effect estimates was statistically significant. Because of the small sample size, model 3 failed to converge in the sample of women.
DISCUSSION
We found that among Black and Caribbean Black men and women in the United States, a history of incarceration was consistently and independently associated with a higher risk of current tobacco smoking. Duration of incarceration may play a role in smoking behavior after release from prison or jail; although our results were not statistically significant, the point estimates and pattern of trends suggest a duration effect.
Our results are consistent with the (scant) previous literature. People who are incarcerated are in a different physical, social, and policy environment than is the rest of the population and may not show the declines in prevalence of current smoking that have been experienced in the general population, especially those from higher socioeconomic backgrounds. 45 As a population, people who have been incarcerated have a greater likelihood of having problems with substance abuse, psychiatric illness, and stressful or traumatic life events; this increases the average levels of susceptibility to smoking initiation, relapse, and nicotine addiction. 11, 12, 46 We used a propensity score---matching approach to address covariate imbalance across exposure groups owing to background characteristics.
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When individuals are incarcerated, their social networks become truncated, so the network for each incarcerated individual shrinks and smokers are less likely to be on the margins of the social networks than is the general population. 47 Furthermore, blocked educational, job, marriage, and civic opportunities may create a heightened stress profile that may increase susceptibility to continuing smoking as a coping mechanism. In fact, studies show that the prevalence of tobacco smoking among incarcerated individuals hovers around 60% to 80% compared with about 20% in the general population. 48---51 Upon release from institutions that prohibit tobacco use, the levels of abstinence among former smokers are minimal. 16 We found that about 48% of the formerly incarcerated individuals reported being current smokers compared with 22% of those who had never been incarcerated. Although associations between duration of incarceration and current smoking status were Note. CI = confidence interval; PR = prevalence ratio. Model 1 included a dichotomous variable for history of incarceration, an indicator variable for Black ethnicity, and a 4-category age variable. Model 2 contained all the features of model 1 but also included key sociodemographic variables: education, income, and marital status. Model 3 contained an interaction term between incarceration and age in addition to the variables included in model 2.
not statistically significant, the point estimates suggest the possibility of an underlying dose---response relationship. The longer individuals spend in prison or jail, the more their embeddedness within institutional social networks in which tobacco smoking is normative may increase. Upon release, those who have been imprisoned longer may also experience a more abrupt and challenging reentry experience, which may promote higher risk smoking behavior. Through these theoretical mechanisms, these potential dose---response trends lend credence to the internal validity of the overall associations between incarceration and tobacco smoking; they are less likely to have been observed because of innate differences between those who have been incarcerated and those who have not.
Limitations
This study has several limitations. The cross-sectional design of our study did not permit precise delineation of temporality of the exposure and outcome (e.g., some individuals may have started smoking after prison release). Although the propensity score models that we used were adequate in terms of discrimination and goodness of fit, more optimally specified models would increase precision and more effectively account for confounding or selection into having a history of incarceration. For several variables, the propensity score matching did not reduce the covariate bias; however, including these variables as covariates in regression models did not change the overall results.
Another limitation is that the incarceration patterns in this sample do not directly correspond to the current incarceration patterns in the United States. The average length spent in prison or jail in the NSAL sample was more than 15 months, whereas the average felony sentence in state courts is about 38 months. 52 Of those who were incarcerated in this sample, about 77% spent less than a year in prison or jail and 86% spent less than 3 years. However, the NSAL sample includes individuals who may have received misdemeanor sentences or those who were detained during trial proceedings and excludes individuals who were still incarcerated. Consequently, the results obtained from this noninstitutionalized sample likely underestimated the association between incarceration and tobacco smoking.
In addition, we had limited information regarding the timing of smoking initiation, cessation, and relapse, which would allow better isolation of incarceration-associated health behavior. Moreover, our interaction and subgroup analyses were likely underpowered.
Strengths
To our knowledge, this is the first study to investigate the relationship between history of incarceration and current tobacco smoking using propensity score techniques, although others have used these methods to evaluate the association between incarceration and broader measures of health. 53 Propensity score matching analyses add greater credibility to the potential relationships between incarceration and current tobacco smoking by creating comparable groups with regard to key characteristics that drive the distribution of individuals with or without a history of incarceration.
Despite having cross-sectional data, the NSAL provided rich data regarding psychological symptomology and its timing, which allowed the creation of time-specific covariates. For the many disadvantaged individuals, jails and prisons may be physical and mental health care providers of last resort. 54 Because of self-medicating strategies and neurologic vulnerability to addiction, individuals suffering from mental illness are 70% more likely to smoke than are those without mental illness, and they smoke about 31% of all the cigarettes in the United States despite representing only about 20% of the population.
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Furthermore, those with mental illness living below the poverty line are much more likely to smoke than are those living above the poverty line (48% vs 33%). 55 In addition, because ORs increasingly exaggerate relative risk as the outcome becomes more common, the use of predicted marginal PRs is a more conservative and accurate approximation of true PRs than is the use of ORs.
Conclusions
In national statistics, Blacks ostensibly consume less tobacco than do Whites, especially when controlling for socioeconomic status. 59 These study results along with these other research findings suggest that incarceration among Blacks in the United States may mask increased tobacco smoking prevalence; however, this should be independently verified in further research in a broader sample including both Blacks and Whites.
Our results also suggest that further investigation of the relationship between incarceration and trajectories of tobacco use among Blacks is warranted. Because incarceration policies are federal, state, and municipality specific, geocoded data of location of arrest would likely enhance propensity score models and propensity score---matched analyses. For instance, in the past 10 years, there has been a dramatic shift in tobacco policy in US prisons; however, the rollout and implementation intensity has varied geographically, with the Southeastern US favoring indoor smoking bans or no statewide ban as opposed to total smoking bans implemented in New England states.
Furthermore, some of the cross-sectional associations suggest that there may be age---period---cohort relationships that better explicate the relationship between incarceration and tobacco smoking over time. Further research using longitudinal data would help disentangle the contemporaneous trajectories of incarceration, tobacco smoking transitions, and covariates over the life course.
Tobacco contributes to 18.1% of all deaths in the United States, making it the leading cause of preventable mortality in the United States. 60 It also contributes to cancer-, cardiovascular disease---, and respiratory-related morbidity, leading to diminished productivity and quality of life. 60 Declining trends in tobacco smoking have shown the tremendous effects of policy, social, and pharmacological interventions in the general population. However, this is a case of public health policy picking off the "lowest hanging fruit": reducing tobacco consumption in the most accessible populations, who are among the most likely to change. Tobacco smoking remains high in many hard-to-reach populations, many of which are "captured" within populations that were formerly or are currently incarcerated. Our research highlights specific targets and pathways for intervention in a population that continues to be uniquely at risk for tobacco use. Although root drivers of tobacco use should be further investigated, prisons and jails may be key institutional settings for enhancing national smoking cessation efforts. However, in light of limited data on the long-term effects of smoking bans on postincarceration smoking behavior, 16 , 17 more targeted and psychosocial interventions aimed at smoking culture and cues to smoking should be considered and evaluated. j
